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Tuesday, March 8, 2011 373along-range communication in PDZ domain proteins[2], (iii) we can construct
the allosteric pathways and show how the allosteric pathway changes upon
minor alteration in the fold with PRS[2]. Utilizing these exceptional features
of PRS, we have recently developed a flexible docking scheme which predicts
the peptide-protein interactions,
1. Atilgan C, Gerek ZN, Ozkan SB, Atilgan, AR, Biophys J 99, 933-943 (2010).
2. Gerek ZN and Ozkan SB, submitted to PLoS Comp Biol, (2010).
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On the Persistence Length of Denatured Proteins
Marcos R. Betancourt.
IUPUI, Indianapolis, IN, USA.
Simulations of the denatured state for selected proteins and homopolypeptides
are carried out to obtain their persistence lengths. Two types of persistence
lengths are computed; directional (ld) and torsional (lt). Because of the com-
plexity of the persistence autocorrelations, an empirical multiple persistence
length model is fitted to the directional and torsional autocorrelations. Direc-
tional autocorrelations for proteins show that there are at least four backbone
contour regions for which local ld values can be defined. These ranges are,
on average, bounded by the contour distances of (2, 4), (4, 9), (9,14), (14,
higher), in units of residues. For atoms in the (2, 4) range, the directional cor-
relation decays with ld values anywhere from 1.0 to 1.2 (residues). Significant
variations of ld are observed in the other regions, with values ranging from 3 to
31. These values depend on the protein length and chain end effects, as shown
by the homopolypeptide simulations. Torsional persistence autocorrelations
also show multiple lt regions, but decay much faster than the directional
ones and undergo larger fluctuations not captured by the multiple-
exponential model. The proteins ld are compared to their experimental values
obtained by different experimental methods. ld values determined by FRET,
SAXS, and NMRmethods generally agree with the single exponential fit ld ob-
tained from the simulations (1.8 on average) if some modifications to the the-
ories used to determine ld in the various experiments are made. On the other
hand, FRET experiments yield various ld values depending on the applied
force, which are comparable with some of the local ld values obtained from
the simulations.Workshop 4: Engineering Proteins and
Fluorophores for Live Cell Sensors
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New Tools to Peek and Poke at Rapid Signaling in Living Systems
Klaus Hahn.
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This talk will provide an overview of new approaches to study and manipulate
signaling in living cells and animals. Topics will include genetically encoded
proteins that can be either activated or inactivated by light, multiplexing of bio-
sensors using red shifted sensors combined with computational approaches, and
novel methods to confer drug sensitivity on kinases. These tools are being used
to understand how the dynamics of GTPase/adhesion signaling networks deter-
mine cell response to the extracellular matrix during trans-endothelial
migration.
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Live cell health and function is controlled by interactions between thousands
of types of proteins that are parts of regulatory pathways. We are developing
a toolkit of fluorescent probes (biosensors) for quantifying the protein regula-
tion pathways of proteins in living cells at high resolution. To do this we have
created a new paradigm for biosensor development in which engineer proteins
and environmentally sensitive fluorophores are combined within cells. The
first generation of biosensors target membrane protein trafficking and protease
activity. Other biosensors are under development for quantifying protein-
protein interactions and for targeting physiological indicator probes to
interesting cell compartments. After genetic expression of the fluorescentbiosensors into cells, the cellular activity is readout by detection instruments
like imaging fluorescence microscopes, flow cytometers and high-throughput
readers.Workshop 5: Barriers & Pathways in Protein
Folding
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I will discuss fundamental topics in protein
folding where disagreement remains and
where adequate experimental data is lack-
ing. These topics include properties of the
denatured state, the nature of the funda-
mental steps and barriers and the extent
of pathway heterogeneity.2012-Wkshp
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Single molecule Fo¨rster resonance energy transfer (FRET) can provide both
structural and dynamic information on proteins and has allowed us to map
long-range intramolecular distances and reconfiguration dynamics in non-
native states that are difficult to access with classical structural biology
methods. Single molecule spectroscopy can also be used to investigate intrin-
sically disordered proteins and the folding and dynamics of proteins under
more complex conditions, e.g. in the context of cellular factors, such as molec-
ular chaperones.
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In the traditional formulation of protein folding transition states, the exper-
imental observation of a macroscopic folding free energy barrier with a sig-
nificantly positive enthalpic component constitutes a potential objection to
the funnel picture of folding. This is because the existence of an enthalpic
barrier seems to indicate that the folding protein undergoes substantial uphill
moves not only along a macroscopic free energy profile but also along mi-
croscopic folding trajectories on the multi-dimensional energy landscape.
This puzzle is resolved by the possibility of a dramatic entropy-enthalpy
compensation due to steric dewetting at the folding rate-limiting step. Steric
dewetting also provides a physical rationalization for the activation volume
that underlies the deceleration of folding by pressure. Properties of folding
transition paths and their relationship with the conformational properties in
the folding pre-equilibrium are further elucidated using coarse-grained na-
tive-centric models. Ramifications for single-molecule experiments will be
discussed.
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Mechanical single molecule methods have enabled us to observe the folding/
unfolding dynamics of single molecules with exceptional spatial and temporal
resolution. In this talk we will show that the online-observation of equilibrium
folding and unfolding fluctuations of single molecules allows to obtain rich in-
formation about folding pathways and the underlying energy landscapes. We
will discuss optical trapping experiments studying the unfolding of the
GCN4 leucine zipper as well as Calmodulin.
